Background and Objectives: Risk-adapted therapy for children with HL is directed toward high survival, minimal toxicity and optimal quality of life, with long term follow up. We assess the impact of prognostic factors associated with local treatment failure of pediatric HL patients with unfavorable criteria treated with combined modality: Alternating ABVD (Doxorubicin, Bleomycin, Vinblastine and Decarbazine) and COEP (Cyclophosphamide, Oncovin, Etoposide and Prednisone) chemotherapy and response-based, involved-field radiation for newly diagnosed unfavorable pediatric HL patients, also will detect toxicities and long-term complications observed in the patients. Methods: This prospective study was carried out from January 2010 to January 2018, with a median follow up of 74 months (range 8 -103 months). 54 patients were eligible for this study stratified into two groups: intermediate risk (IR) and high-risk group (HR). Patients were treated with (4 -6 cycles) and (6 -8 cycles) respectively of alternating ABVD/COEP chemotherapy followed by involved-field radiation therapy (IFRT): 15 Gy for patients achieved complete response, and 25.5 Gy for those achieved a partial response. Results: 27 patients were IR and 27 patients were HR. There were 16 treatment failures; 5 patients had progressive disease; and 11 patients had a relapse. 9 patients died from their disease progression. The 5-year overall survival (OS) and event-free survival (EFS) rates (±SE) were 81.8% ± 5.7% and 71.8% ± 6.2% respectively. Multivariate analysis revealed that the only independent factor for inferior OS was radiotherapy. Conclusion: Treatment results of unfavourable HL patients in our study are satisfactory for with IR group but not for HR group who needs intensification of therapy. Radiotherapy is considered as a cornerstone in the treatment of the patients with unfavourable 
Introduction
Hodgkin's lymphoma (HL) is a highly curable malignant disease. All children with newly diagnosed HL should be treated with curative intent. Good treatment planning with evaluation of site and extent of disease is an essential component of patient management [1] . With increasing understanding of the unique pathology of HL and the identification of novel targeted agents, there is an opportunity to further refine the therapy in order to improve the therapeutic index to maximize cure and reduce late toxicities of therapy [2] .
Today the standard of care for the very large majority of children and adolescents with HL is risk and response-adapted, combined-modality therapy using low-dose, and involved-field radiation in conjunction with multiagent chemotherapy [1] [3] . Risk-adapted treatment protocols assign intensity of therapy according to risk features at diagnosis or response to initial therapy [4] . Although risk classifications vary across individual studies, the favourable or low risk is usually defined as localized (stage I/II) nodal involvement in the absence of B symptoms and nodal bulk. Unfavorable or high-risk presentations typically include the presence of B symptoms, bulky lymphadenopathy, hilar lymphadenopathy, involvement of four or more nodal regions, extranodal extension to contiguous structures, or advanced stage (III/IV). This approach has yielded excellent results, with long-term disease-free survival (DFS) of 85% to 100% in patients with early-stage disease and more than 60% in those with more advanced disease [5] [6] .
Treatment outcomes have been correlated with many clinical factors, including male sex, nodular sclerosing histologyand grade, advanced stage, and the presence of B symptoms, anemia, leukocytosis, and bulky mediastinal disease. Some groups have proposed prognosticindices based on combinations of these and other laboratory parameters. In contrast to many other pediatric malignancies, reliable biologic prognostic factors have not been identified to guide therapeutic intensity for pediatric HL [7] [8] .
Here, with long term follow up we will assess the impact of prognostic factors associated with local treatment failure of pediatric HL patients with unfavorable criteria treated with combined modality approach using alternating cycles of ABVD (Doxorubicin, Bleomycin, Vinblastine and Decarbazine) and COEP (Cyclophosphamide, Oncovin, Etoposide and Prednisone) chemotherapy and response-based, involved-field radiation therapy for newly diagnosed unfavorable pediatric HL patients, also will detect toxicities and long-term complications
Patients and Methods
This prospective study was carried out at the Pediatric Oncology Department and Radiology Department, at South Egypt Cancer Institute (SECI) and Sohag Cancer Center from January 2010 to January 2018, the study was approved by our institutional review board and written informed consent was obtained from patient's family. Eligible patients had previously untreated pathologically proven HL, aged ≤ 18 years. The patients were categorized as:
• Intermediate-risk (IR) group: includes early stage I/II with unfavorable criteria as B symptoms (unexplained loss of more than 10% of body weight in the preceding 6 months, presence of unexplained recurrent fever greater than 38˚C in the preceding month, or and recurrent drenching night sweats in the preceding month), bulky disease which defined as extra thoracic nodal aggregate with adiameter greater than 6 cm [9] or mediastinal mass with a diameter more than one-third of the intrathoracic diameter measured at the level of T5 on an upright chest radiograph, an involvement of 4 or more lymph node sites, and extra nodal involvement and stage IIIA.
• High-risk (HR) group: includes stage IIIB and stage IV.
Exclusion criteria: We excluded patients with favorable criteria or received any treatment before.
Pretreatment Evaluation
For each patient, pretreatment evaluation was done by history and physical examination, complete laboratory investigations (complete blood picture (CBC), liver and kidney function, erythrocytic sedimentation rate (ESR), thyroid function tests, sex hormones), bilateral bone marrow biopsy, chest X-ray and Computed tomography (CT) neck, chest, abdomen and pelvis, echocardiograph, and pulmonary function test. Excisional biopsy was obtained from presenting lymphadenopathy; histopathological classification was done according to Revised European American Lymphoma classification/World Health Organization (REAL/WHO) classification system [10] . Patients were staged by Cotswold's' modification of Ann Arbor staging system [11] .
Treatment Plan
All patients will receive combination chemotherapy of ABVD cycle alternating with COEP cycle (Table 1 ); patients will receive a different number of cycles according to risk group (4 -6 cycles for IR group and 6 -8 cycles for HR group), cycle given every 28 days. The evaluation was done every 2 cycles. Patients achieved complete responses (CR) or partial response (PR) were received IFRT. radiotherapy (IFRT) typically encompasses both the Kaplan nodal regions containing the pathologically enlarged lymph nodes at the time of diagnosis and in addition to the nodal echelons immediately superior and inferior to the primary site. GTV (gross target volume) include a nodal disease in case of residual (PR).
CTV (clinical target volume) delineated using prechemotherapy tumor size with image fusion when applicable, for mediastinum and paraaortic nodes. The transverse diameter is post-chemotherapy +1.5 cm which includes entire nodal station and account for subclinical disease with normal structure excluding PTV (planning target volume) margin add for setup uncertainties and for internal motion.
We treat by 3-dimensional planning take in consideration ICRU recommendation (international commission on radiation units and measurements).
Organs at risk and dose constraints: patients treated with thoracic RT, mean heart doses < 15 Gy the mean bilateral lung dose is <12 Gy; dose: 15 Gy for complete remission and 25.5 Gy in cases of partial remission (PR). For children less than 5 years consider bilateral radiotherapy to avoid growth asymmetry.
Evaluation of Response
Patient's response was evaluated by physical examination, laboratory investigations and radiological examination (CT scan) according to the initial positive findings every 2 cycles of chemotherapy. It was done according to revised RECIST guidelines: Complete response (CR): was defined as disappearance of all tumor-related constitutional symptoms and disappearance of all measurable nodal disease, Partial response (PR): was defined as at least 30% of all measurable lesions with disappearance of all constitutional symptoms if initially present, Stable disease (SD): neither PR nor PD criteria met, and Progressive disease (PD): 20% increase; no CR, PR, or SD documented before increased disease, or new lesion(s) [12] .
After-Therapy Follow up
After completion of treatment, patients were followed every one month in the 
Statistical Study
The study cut off limit was January 2018. Overall survival (OS) was calculated from the first day of chemotherapy to the date of the last follow up or death due to any cause. Event-free survival (EFS) was calculated from the first day of chemotherapy to an event (death due to any cause, progression after PR, relapse or a second malignancy) or to the date of the last date of follow up contact for patients who did not experience any event [13] . OS and EFS were estimated with Kaplan-Meier method [14] and differences were assessed by the log-rank test [15] . Cox-regression used to estimate multivariate analysis [16] .
Results
From January 2010 to January 2018, 54 newly diagnosed patients with unfavourable HL were enrolled in this study. The patient's characteristics are listed in 
Survival Analysis
At a median follow up of 74 months (range 8 -103 months), 5-years EFS was 71.8% ± 6.2% and 5-years OS were 81.8% ± 5.7%. (Figure 1 and Figure 2 ).
Different factors affecting OS and EFS are listed in Table 3 . As shown in Table 3 the only factors affect 5-years OS are disease bulk, extranodal involvement and receiving radiotherapy with the highly significant difference between patients who receive radiotherapy or not (93.4% ± 4.7% versus 30% ± 14.5% respectively) (p < 0.0001). Regarding 5-years EFS, the risk group and radiotherapy are only factors statistically significant, also disease bulk and the stages how difference but it isn't statistically significant. Multivariate analysis revealed that the only independent factor for inferior OS is radiotherapy (p = 0.046, HR: 2.6, 95% CI: 0.08 -0.41).
Treatment Failure
There were 16 (29.6%) treatment failures, 5 patients (9.2%) had progressive disease (one patient was of IR group and 4 patients were HR). Eleven patients (20.4%) relapsed (3 patients were IR and 8 patients were HR), seven patients relapsed outside the irradiated field; the other four relapsed within and outside the irradiated field. All failures were salvaged by second line chemotherapy ifosfamide, carboplatin, and etoposide (ICE protocol).
Toxicity
Treatment was well tolerated and without significant toxicity. All chemotherapy was given as outpatient therapy; they received full doses of chemotherapy with occasional delays due to neutropenia. Regarding the early complications, bone marrow suppression was the most frequent complication (15%) especially in patients with advanced stage followed by repeated chest infection in five patients.
Nausea and vomiting were observed in 7 patients (12.9%) ranged from grade 1 -2. 
Discussion
Risk-adapted regimens seek to maintain disease control while reducing therapy-related complications. Therefore, this approach may reduce therapy for patients with favourable diagnostic features or intensify therapy for patients with unfavourable disease presentations [1] .
There and we will need to be careful in reviewing publications, understanding that there may be differences in clinical trial populations within specific groups [17] .
Chemotherapy used for this group includes derivatives combinations of MOPP and ABVD. COPP has more recently replaced MOPP because cyclophosphamide is less myelosuppressive and leukemogenic than mechlorethamine.
Etoposide is frequently added to enhance treatment response and reduce cumulative doses of alkylating and anthracycline chemotherapy [18] .
There is a dual and conflicted approach for modern management of unfa- [20] . The role of RT has evolved over time, efforts at radiation dose/volume modification and therapeutic titration became embedded in clinical trials in both Europe and the United States/North America.
The European German Society for Paediatric Oncology and Haematology GPOH-HD 95 study showed that intermediate and high-risk patients had significantly better relapse-free survival when treated with RT following a complete response to chemotherapy compared with no additional treatment, which is the same with our results.
Early-and intermediate-risk patients with CR to chemotherapy may not require RT based on metabolic imaging. Protocols in advanced-stage patients evaluate the role of RT directed to areas at the presentation that do not fully respond to chemotherapy and/or sites of bulk disease at presentation (mediastinum) in COG trials [17] .
In the current study, the median age was 8.9 years which matched with other studies [21] [22] and most of our patients (68.5%) were under the age of 10 years which agrees with [23] and differ from [22] [24] [25] . There is a predominance of males in our study (1.3:1) like that reported by other studies [21] [24] .
As regarding stage of the disease, patients with stage III were observed to be more common than stage II and IV in our patients which is similar to [23] and unlike which is reported by [22] . 74.1% of patients had systemic "B" symptoms which are more than reported in studies [22] [26] . Bulky disease was seen in 23 patients (42.6% which is lower than reported by [22] [27]). Extranodal involvement occurred in 20 patients (37% which in agreement to what was reported by [6] and less than reported by [28] ).
Regarding risk stratification, we reported that half of the patients in our study stratified as HR group which unlike to [22] [29] [30] which can be explained by differences in risk assignment and number of patients.
Although nodular sclerosis histological subtype was reported to be the predominant histological subtype by [24] [28], mixed cellularity subtype was the predominant type 59.3% in our study which is matched with other studies [21] [23] [31] . This can explain the predominance of lower age ≤ 10 years at diagnosis, advanced stage and "B" symptoms which is highly prevalent in developing countries rather than developed countries [27] .
At a median follow up of 5-year EFS and OS were 71.8% ± 6.2% and 81.8% ± 5.2% respectively for all patients. The 5-years EFS was 84.2% ± 7.1% and 59.3% ± 9.3% for IR and HR groups which in concordance with Hudson et al., Gordon et al. and Friedman et al. [6] [24] [26] but is inferior to results regarding the HR group published by Schwartz et al. and Kelly et al. [22] [25] . The limited cumulative doses of alkylating agents and anthracycline chemotherapy in combination with low-dose, involved-field radiation seem to compromise disease control in this high-risk group.
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There is difference in 5-years EFS for patients with unfavorable early stage, stage III and IV (80% ± 9%, 73.9% ± 9.3% and 50% ± 11.2% respectively) but it isn't significant (p = 0.1) which was like Hudson et al. [6] but it is unlike Droffel et al. and Schwartz et al. [22] [30] .
Early response to chemotherapy seems to affect 5 years EFS in our patients (81.3% ± 9.8% for early responders and 67.7% ± 7.7% for late responders) but it was not translated to be significant (P = 0.36), the difference is similar to which was reported by Friedman et al. [24] . The interim response in our study based on CT evaluation and recent current Euronet trials incorporates both CT and positron emission tomography (PET) after two cycles of chemotherapy for better assessment of patients not in CR assigned to radiation therapy [9] .
In our study, there was significant difference between patients received or not received RT in 5-years EFS 80.8% ± 6.1% versus 30% ± 14.5% (p ≤ 0.0001) and 5-years OS 93.4% ± 4.7% versus 30% ± 14.5% (p ≤ 0.0001) similar to which reported by Dorffel et al. who also reported that omission of RT in patients with chemotherapy-induced CR proved to be safe only for patients with early-stage disease [30] [32].
Conclusion
Treatment results of unfavourable HL in the pediatric oncology department, at SECI treated with risk-adapted, response-based combined modality approaches are satisfactory to patients with IR group but not for HR group who needs intensification of therapy. Radiotherapy is considered a cornerstone in the treatment of the patients with unfavourable criteria with better assessment of early responders needed by PET-CT to identify patients at risk for relapse.
